Two experiments examined the effects of nonreinforced flavor exposure on the strength of a conditioned taste aversion. Rats were conditioned by pairing maple flavor with LiCl. Prior to or subsequent to this pairing, some animals received nonreinforced exposure to either maple or saccharin. In separate subjects, preference for maple was tested 1 or 21 days after the last training episode. In the first experiment, the nonreinforced stimulus exposure occurred before conditioning (latent inhibition, or LI, procedure); in the second experiment, the nonreinforced exposure occurred after conditioning (extinction, or EXT, training), In both experiments, nonreinforced exposure to maple or saccharin reduced the magnitude of a conditioned maple aversion when testing occurred soon after conditioning. When testing was delayed, however, the attenuation due to nonreinforced saccharin exposure dissipated, both with the LI procedure and with EXT. In contrast, the nonreinforced exposure to maple was found to attenuate conditioned reactions at both short and long retention intervals. The release from generalized LI and spontaneous recovery following generalized EXT training are discussed in terms ofretrieval processing. The possibility that the same mechanism may underlie LI and EXT is considered.
1
animal 's ability to leam about a CS during a subsequent conditioning episode (Lubow, 1973 (Lubow, , 1989 Mackintosh, 1983) . Although several different mechanisms have been proposed to account for the putative encoding deficit, the alternatives agree that the CS-US association is less well established with stimuli that are familiar than with those that are novel (Baker & Mercier, 1982; Best & Barker, 1977; Best & Gemberling, 1977; Kalat, 1977; Kalat & Rozin, 1973; Lubow, Weiner, & Schnur, 1981; Mackintosh, 1975; Pearce & Hall, 1980; Wagner, 1978 Wagner, , 1981 .
Recent investigations have begun to challenge the encoding-failure view of LI. In two vastly different situations, evidence has indicated that the representation of CS-US relations is not necessarily disrupted by stimulus preexposure. Kasprow, Catterson, Schachtman, and Miller (1984) , using conditioned liek suppression, found that preexposure to a white-noise CS reduced the level of expressed fear foIlowing CS-footshock pairings. More important, they also found that postacquisition shock-alone presentations, administered in aseparate context from that used for conditioning, were sufficient to significantly reduce the magnitude of LI. An effect of this nature indicates that CS preexposure did not prevent the formation of the CS-US representation.
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A similar conclusion was reached by Kraemer and Roberts (1984) in a set of experiments involving conditioned taste aversions. Rats that were preexposed to a flavor expressed weaker conditioned aversions than did nonpreexposed subjeets, but this effeet only appeared when testing occurred soon after conditioning. When testing was delayed by 21 days, there was arelease from LI; preexposed subjeets displayed aversions equal in strength to those expressed by nonpreexposed subjeets. This effeet again implies that stimulus preexposure does not neeessarily diminish an animal's ability to represent the conditioning episode.
Taken together, the two sets of findings present a paradox for the encoding-failure view of LI. If preexposure disrupts encoding, then how can animals under some conditions (i.e., with postacquisition exposure to the US or with delayed testing) bebave as ifthey bad leamed as much or as well as nonpreexposed animals?
An alternative to the encoding-failure view is the possibility that stimulus preexposure disrupts retrieval, rather than storage, of the conditioning episode (Miller, Kasprow, & Schachtman, 1986; Spear, 1981) . Kraemer and Roberts (1984) offered a retrieval processing analysis of LI intended to account for the release-from-LI effeet. It assumes that memories for preexposure and conditioning are mutually disruptive during the retrieval episode. When the test occurs soon after conditioning, appropriate retrieval cues, such as the test flavor, can activate the preexposure memory, the conditioning memory, or both, due to the shared content of these memories . The resultant retrieval competition then translates into a deereased tendency for the conditioning memory to be expressed during testing, which is indexed behaviorally as a weaker aversion to the test flavor than that found in nonpreexposed subjeets. It is further assumed that the retrievability of the preexposure memory deelines over the course of an extended retention interval. The consequence of this change is a reduction or elimination of retrieval competition, which leads to the appearance of a strong conditioned response.
It is interesting to consider that a very similar analysis can be generated for EXT. Theories such as that of Pearce and Hall (1980) have suggested that nonreinforced exposure to a es after conditioning results in representation of a eS-no-US relationship. A retrieval processing account of EXT adds the assumption that retrieval competition between the conflicting memories is responsible for the reduction in the expressed strength of the conditioned response. When testing occurs soon after EXT, there is a decreased likelihood that the conditioning memory will be retrieved, which is similar to the analysis presented above for LI. Bouton (1991) has reeently presented a forceful argument, supported by an impressive set of findings, in favor of a retrieval processing account of EXT. By adding one further assumption, that memory for EXT gradually becomes less retrievable over time, the phenomenon of spontaneous recovery can be viewed as analogous to release from LI. Over a long retention interval, the probability that the conditioning memory will be retrieved and expressed increases, as seems to occur with LI.
The important implication of this proposal is that EXT and LI may depend on a common process (Bouton, 1991) , which is contrary to prevailing opinion and inconsistent with most formal models of conditioning (Grossberg, 1982; Holyoak, Koh, & Nisbett, 1989; Mackintosh, 1975; Pavlov, 1927; Pearce, 1987; Pearce & Hall, 1980; Rescoda & Wagner, 1972; Wagner, 1981) . One way to establish that a common process is shared by two phenomena, such as the effeets of prior or subsequent nonreinforcement, is to show that they are similarly influenced by the same independent variables (see Spear & Spitzner, 1967 , for a similar approach involving instrumentallearning). Although there is no direct evidence, there is some indication of a functional similarity between LI and EXT. For example, there is clear evidence that both LI and EXT are modulated by contextual cues. When conditioning occurs in one distinct context and nonreinforced exposure in another, conditioned responding is much stronger than when both episodes occur in the same context, both for EXT (Bouton, 1991) and for LI (Hall & Channell, 1986; Hall & Minor, 1984) .
The present study examined this issue more direetly. The release-from-LI effeet has been shown to be related to the nature of the stimuli used for preexposure and conditioning. Although release from LI has been obtained with primary preexposure (i.e., exposure to the CS itself; see Kraemer, Randall, & Carbary, 1991; Kraemer & Roberts, 1984; Strohen, Bakner, Nordeen, & Riccio, 1990) , the effeet has been most pronounced and reliable when preexposure is to a stimulus other than the CS (i.e., generalized preexposure; see Kraemer, Hoffinann, & Spear, 1988; Kraemer & Ossenkopp, 1986; Kraemer & Roberts, 1984) . We compared the effeet of stimulus similarity in the LI and EXT procedures. If the releasefrom-LI effect and spontaneous recovery reflect a common process, then the nature of the nonreinforced flavor experience should influence both phenomena in the same way. Specifically, delayed testing should exert a differential effeet on generalized and primary EXT, parallel to what has been found with generalized and primary LI. Postacquisition exposure to either the flavor CS or some similar flavor should attenuate conditioned aversions to the CS when testing occurs soon after EXT. Following a long retention interval, attenuated aversions should be more likely with primary EXT; that is, spontaneous recovery should occur more readily with generalized EXT than with primary EXT.
Independent of the pertinent theoretical issues, this study provides an important empirical contribution, given that no previous studies have assessed the effects of either primary or generalized EXT after extended retention intervals with conditioned taste aversions. This information offers a further means of comparing the CTA procedure with other forms oflearning (Domjan, 1983) . Equally important, this study provides another replication of the basic RESULTS Table 1 Mean Consumption During Preexposure ud Conditionlng In Experiment lA Experiment IB. On Day 1 of Experiment IB, all subjects received 3O-min access to maple, either foUowed immediately (Groups M+, M+M-, and S-M+) or, after a 6-h delay (Group M-), bya 1% bodyweight i.p. injection ofO.3-M LiCI. On Days 2 and 3, eaeh subject received 3O-min access to either tap water (Groups M + and M-), maple (Group M+M-), or saccharin (Group M+S-).
Half of the animals in each group were then tested the next day, and the others were tested after a 21-day retention interval. The remainder of the procedure followed that described for Experiment IA.
Experiment JA All statistical analyses were evaluated at p =.05, and Newman-Keuls tests were used to evaluate comparisons between group means. Mean consurnption for each group tested in Experiment IA during each of the two preexposure sessions and the conditioning episode is presented in Table I .
Consumption during the first preexposure period differed significantly across the three groups [F(2,45) = 29.9]. The amount of maple consumed by Group M -M + was not significantly different from the amount of water consumed by Group M +; both groups drank more than the amount of saccharin consumed by Group S -M +. No significant differences in consurnption across the three groups appeared during the second preexposure period, but differences between groups did appear in the arnount of maple consumed during the conditioning episode [F(2,45) = 9.97]. Group S-M+ dranksignificantlyless than did either Group M + or Group M -M +; the latter two groups drank nearly equal amounts. These results indicate that there was no evidence of flavor neophobia for subjects given maple; these subjects consumed as much liquid during the first preexposure period as did subjects given water (Group M +). The lower consurnption of saccharin during the first preexposure period, relative to mapIe and water, indicates either a neophobic reaction or a lower preference for saccharin. The former possibility is more likely, given the absence of significant consumption differences across the three groups during the second preexposure period.
Percent maple preferences were calculated for each subject according to the following formula: (amount of maple consumed/amount maple + amount water consurned) x 100. The mean percent maple preference for each group appears in Panel A of Figure I .
It can be seen that, at the l-day retention interval, the two preexposed groups displayed higher preferences than 
METHOD

Subjects and Apparatus
The subjects were adult male Sprague-Dawley-derived rats. The 48 subjects in Experiment IA (LI) were taken from the rat colony at Purdue University; the 64 subjects in Experiment IB were taken from the colony at SUNY-Binghamton. AnimaI housing and maintenance procedures were comparable at the two institutions. The subjects were individually housed in hanging stainless steel cages located in climate-controlled vivaria, which also served as the test rooms. These rooms operated on a 16:8-h lightdark cycle; a11 testing occurredduring the 16-h light phase. Each rat was placed on a 23.5-h water-deprivation schedule 7 days prior to the start of each experiment. Food was always available. Liquids were dispensed at room temperature through graduated glass bottles, fitted with stainless steel spouts. Bottles were attached to the front of each subject's cage during liquid presentations, and consumption was recorded to the nearest milliliter. Test flavors consisted ofO.58% (v/v) mapleflavored water and 0.15% (w/v) sodium saccharin.
release-from-Ll effect. Given the provocative implications of this effect, demonstration of its reliability seems in order.
Although the stimulus experiences provided with U and EXT are comparable, we chose to conduct this study as two related experiments rather than within a single complex design. The rationale was that there are minor yet important methodological differences between the two procedures that confound direct comparisons across groups. This is especially important for subjects given U or EXT training and tested after a short retention interval. For example, it is reasonable to expect that overall consumption during testing at the short delay interval will differ for animals given EXT and U; subjects given the U procedure are expected to consume high amounts of the CS on the conditioning day, the day before they are tested, whereas subjects given EXT are expected to drink less on the day before they are tested (the last EXT episode), given that some conditioned aversion would be expected in these subjects. The relative recency of toxicosis also differs for the two procedures. Animals are injected the day before testing with the U procedure, but, for those given EXT training, the consequences of LiCI injection are separated from the test day by the intervening EXT experience. Our strategy, therefore, was to adopt the more conservative approach by exarnining the effects of flavor similarity and retention interval with the two procedures in separate experiments. Procedure Experiment IA. On Days I and 2 of Experiment lA, the subjects received 30-min access to either tap water (Group M +), mapie (Group M-M+), or saccharin (Group S-M+). On Day 3, all subjects were given 30-min access to maple, followed immediately by a 1% bodyweight i.p. injection of 0.3-M LiCI. Half of the subjects in each of the three groups were tested the next day; the remaining subjects were tested after a 21-day retention interval. The latter subjects were allowed free access to water from the day after conditioning until 11 days before testing, at which time they were again placed on 23.5-h water deprivation. Testing involved 30-min access to two bottles; one contained tap water and the other contained rnaple. The left/right position of the two bott1es was balanced across subjects in each of the six groups. In separate experiments, one involving an U procedure and the other an EXT procedure, the effect of nonreinforced flavor exposure was found to be influenced by retention interval. Exposure to saccharin reduced the magnitude of a conditioned maple aversion when testing occurred after a l-day retention interval, but not when testing was delayed by 21 days; exposure to the maple CS itself, however, attenuated aversion strength at both retention intervals. This pattern ofresults was the same regardless of whether the nonreinforced exposure occurred before (LI) or after conditioning (EXT). Thus, there appears to be an important functional similarity between the effects produced by U and EXT that parallels the methododid emerge during the first extinction session [F(3,60) = 19.05]. Group M -drank significantly more water than the amount of liquids consumed by each of the other three groups. Group M + drank significantly more water than Group M + S -drank saccharin and Group M + Mdrank maple; consumption by the latter two groups did not differ significantly. Levels of liquid consumption across the four groups did not differ during the second extinction session. These results establish that pairing maple with LiCI produced a conditioned aversion to both maple and saccharin and that a single extinction session was sufficient to eliminate both primary and generalized aversions. Mean percent maple preferences for the eight groups appear in Panel B of Figure 1 . It can be seen that maple preferences differed significantly among the four groups tested after the l-day retention interval [F(3,28) 
Individual group comparisons revealed that preferences in Groups M+M-, M+S-, and M-were equal, and they were higher than those of Group M +. Preferences also differed among the four groups at the 21-day retention interval [F(3,28) = 8.33], but the pattern of differences was unlike that found at the l-day retention interval. Preferences in Groups M -and M + M -were not different and were significantly higher than those found in Groups S -M + and M +; preferences in the latter two groups did not differ significantly. These results indicate that both generalized and primary EXT attenuated aversions to maple when testing occurred after a l-day retention interval, but not when testing was delayed by 21 days; then, only primary EXT continued to have an attenuating effect. Stated differently, spontaneous recovery was evident after generalized EXT, but not after primary EXT. did the nonpreexposed group. Differences in preference levels across the three groups were significant [F(2,21) = 11.0, P < .001], and it was detennined that the preferences in Groups S -M + and M -M + did not differ significantly and were higher than those displayed by Group M +. Preferences also differed significantly at the 21-day retention interval [F(2,21) = 9.4, p < .01].
Preferences in Groups M + and S -M + did not differ significantly and were significantly lower than those of Group M -M +. These results replicate the release-from-U effect reported previously and again show that the effect is influenced by stimulus characteristics; although a release from U was obtained with generalized preexposure, it did not appear with primary preexposure (Kraemer & Ossenkopp, 1986; Kraemer & Roberts, 1984) .
Experiment IB
Mean consumption during the conditioning episode and each of the two extinction sessions appears in Table 2 .
Amount of maple consumed during conditioning did not differ among the four groups, but significant differences logical symmetry inherent in the two procedures. The important implication of this finding is that the two phenomena may depend on a common process.
One possibility is that both U and EXT involve retrieval processes (Bouton, 1991; Kraemer & Roberts, 1984; Miller et al., 1986; Spear, 1981) . Kraemer and Roberts offered a retrieval processing analysis that can be extended to the U and EXT effects obtained here. The general idea is that animals independently code as separate memories the conditioning episode and the nonreinforced stimulus exposure, regardless of whether the latter occurs before or after conditioning. The contents of these two memories will overlap to the extent that the events themselves consist of similar features. In the case of taste aversion learning, the most relevant features will be those that define the flavor experiences. These features include attributes of the flavors (sweetness, intensity, palatability, viscosity, temperature, etc.), contextual cues (test environment, motivational status, handling cues, etc.) and event consequences (the aversiveness of a CTA episode, or the absence of aversiveness in the case of nonreinforced flavor exposure). The greater the similarity ofthe two memories, especially with respect to the stimulus features they represent, the greater the likelihood that test cues will activate, inappropriately, the memory for nonreinforced stimulus exposure. As a consequence, responding would be consistent with the event characteristics of nonreinforced flavor exposure-consumption of a palatable liquid-rather than the reaction consistent with the content of the memory for the conditioning episodeavoidance of the test flavor. This would explain the behavioral tendencies indicative of U and EXT.
What remains to be explained is why generalized, but not primary, LI dissipates with delayed testing, and why spontaneous recovery appears with generalized, but not primary, EXT. The critical assumptions are that the retrievability of the memory for a nonreinforced stimulus episode declines more rapidly thanthat for a reinforced episode and that attributes of similar memories competitively interact with retrieval cues to determine which memory will be retrieved. With respect to the first assumption, Kraemer (1984) found that forgetting of a discrirnination by pigeons was greater in terms of responding to the nonrewarded alternative (S -) than to the rewarded alternative (S +), whether the forgetting was induced by proactive interference or merely a long retention interval. Data reported by Thomas (1981) with pigeons and by Serwatka and Spear (1988) with developing rats are consistent with these results. Also consistent is the apparently more rapid forgetting of conditioned inhibition than of conditioned excitation (Hendersen, 1978; Kraemer, 1984; Thomas, 1979) . The basic assumption ofbetter retention ofreinforced than ofnonreinforced experiences also has served previously with some success as a central theoretical prernise (Staddon, 1974) . The loss of the U and EXT effects over time foUows directly from the occurrence of more rapid forgetting of nonrewarded events than of rewarded events.
Another possibility is that there is a change in the relative retrievability of conflicting memories, but opposite in direction to that proposed by Kraemer and Roberts (1984) . Perhaps the memory for conditioning increases in retrievability, whereas the memory for preexposure remains unchanged. Although there has been no direct test ofthe competing hypotheses, there is reason to favor the notion that the preexposure memory becomes less retrievable, rather than the idea that the conditioning memory becomes more retrievable. That generalized preexposure effects disappear when an interval is interpolated between preexposure and conditioning, as well as when testing is delayed, indicates that the preexposure memory is ephemeral relative to the conditioning memory (e.g., Kraemer & Roberts, 1984) .
A change in retrievability is not all that matters. The sirnilarity between the test cues and the target attributes within a memory is also expected to influence the probability that a given memory will be retrieved. Retrievability can be thought of as a hypothetical threshold of activation that must be achieved in order for a memory to be retrieved. It is assumed that levels of activation initiated by a particular set of retrieval cues varies according to the similarity between those cues and the relevant features represented within each memory. The better the match between test cues and memorial content, the higher will be the resultant level of activation provided by those cues, For exarnple, a memory representing attributes of maple flavor will be more strongly activated by a test presentation of maple than will a memory whose attributes include saccharin and not maple, although the latter may be activated by the maple flavor if its more general features (e.g., novel flavor) are sirnilar to those of saccharin. As the retrievability of the memory declines-that is, as the activation threshold increases-higher levels of activation will be required in order to retrieve that memory. At some point, the threshold may be sufficiently high so that maple, with its lirnited activation potential, can no longer retrieve the saccharin memory, even though the memory associated with maple may still be retrieved by presentation of maple itself. Thus, the similarity between conflicting memories will combine with retention interval to produce the kinds of effects noted in the two experiments reported here.
There is more to recommend the retrieval interpretation of U and EXT than merely the way in which these two phenomena are influenced by retention interval. For example, the results ofKasprow et al. (1984) indicate that some postacquisition experiences can rnitigate the effects of CS preexposure, and the effects of sirnilar postacquisition experiences similariyalter the consequences of EXT (e.g., "reinstatement" effect; Rescorla & Heth, 1975) . In addition, Baker and Mercier (1982) have summarized a body of evidence that challenges associative explanations of U that depend on the notion of context conditioning; such explanations had diverged from interpretations of EXT. Equally impressive is the body of evidence and theoretical analysis presented by Bouton and his col-leagues (e.g., Bouton, 1991) that argues strongly for a retrieval failure interpretation of EXT. There is also a growing appreciation for the context specificity of U (Hall & Channell, 1986; Hall & Honey, 1989; Hall & Minor, 1984; Lovibond, Preston, & Mackintosh, 1984; Lubow, Schnur, & Rifkin, 1976) , which in many ways parallels the context specificity found with EXT (Bouton, 1991) .
The evidence on context specificity, retention interval effects, and reminder treatments with both U and EXT presents substantial difficulties for acquisition-based interpretations of the effects of nonreinforced stimulus exposure, but the evidence is consistent with the proposition that U and EXT involve the same retrieval mechanisms. Whether a retrievability approach to U and EXT can accommodate other effects that may empirically distinguish the two phenomena remains to be seen.
